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Introduction
In this paper, we present mobility performance for LTE connected aerials in field trials. 
Field Measurement Setup 
Measurement platform
Aerial measurements were performed by a consumer grade radio-controlled Quadro-copter:
· DJI Phantom 4 Pro 
· Weight (Battery & Propellers Included)		1388 g
· Max Flight Time						~30 minutes
· Remote Controller
· Operating Frequency					2.400 - 2.483 and 5.725 - 5.825 GHz
· Max Transmission Distance	
· 2.4 GHz (Unobstructed, free of interference) CE: 	2.2 mi (3.5 km)
· 5 GHz (Unobstructed, free of interference) CE: 	1.2 mi (2 km)
· Transmitter Power (EIRP)
· 2.400 - 2.483 GHz					CE: 17 dBm
· 5.725 - 5.825 GHz					CE: 14 dBm
Data was collected with a Tems Pocket 16.3 installed on LTE-smartphone, which was installed on the Quadro-copter. The Tems UE was locked to LTE800MHz band.    
[image: \\efijona0006.fi.eu.ericsson.se\mz\Temp\lmfekl\Jorvas\drone_pictures\P7128120.JPG]
Figure 1: The drone and UE used in the measurements.
Measurement area and setup
The measurements setup is summarized in Table 1 below.  The drone fly route is shown in Figure 2(a).  The fly route follows roughly the driving route of a car on the ground, which is shown in Figure 2(b). Figure 3 shows the cell sites around the test area. 
[bookmark: _Ref498525043]Table 1: Measurement setup.
	Trial Location
	An area in Masala (Finland)

	Environment
	Sub-Urban 

	Drone  
	Controlled over Wi-Fi  (LTE is only used for data transmission/reception)

	Drone UE
	Tems test mobile

	LTE Frequency
	800MHz

	Flight route
	 (see Figure 2)

	Drone Altitude
	0m (in a car), 50m, 150m 

	Drone speed
	~18km/h (Car on the ground: 20km/h-40km/h) 

	Data collection
	File upload



(a) Drone flying route.
(b) Driving route in car.

[bookmark: _Ref498525109]Figure 2: Drone flying route and car driving route.
Trial area

[bookmark: _Ref498525696]Figure 3:  Cell sites in around the trial area.
Measurement results 
In this section, we provide measurement results for various metrics. 
Serving cell RSRP, RSRQ
[image: ]
Figure 4: Measured DL RSRP and RSRQ for UE on ground, on drone at 50m and 150m above ground.
Table 2: Serving cell RSRP (in dBm)
	Percentile
	UE height

	
	Car
	50m
	150m

	90%
	-85.0
	-71.2
	-73.1

	50%
	-92.4
	-73.5
	-76.8

	5%
	-99.2
	-77.1
	-80.6



Table 3: Serving cell RSRQ (in dB)
	Percentile
	UE height

	
	Car
	50m
	150m

	90%
	-7.0
	-9.4
	-10.4

	50%
	-8.5
	-11.3
	-12.6

	5%
	-11.5
	-14.6
	-16.1



[bookmark: _Toc498525866]Serving cell RSRP at the drone UE is higher than the UE in car, about 15 to 20dB higher at 50 %tile.   While RSRQ at the drone UE is poorer than the UE in car, about 3 to 4dB lower at 50 %tile.
[bookmark: _Toc498525867]Drone UE experiences much higher inter-cell interference than UE on the ground.
Neighbor cell RSRP and RSRQ
[image: ]
Figure 5:  Measured neighbor cell RSRP and RSRQ for UE in a car and on a drone at 50m and 150m above ground (Nk is the kth strongest neighbor cell, SC is serving cell).
Table 4: Neighbor cell RSRP (in dBm) 
	Percentile
	UE height

	
	In Car
	50m
	150m

	
	N1
	N2
	N3
	N4
	N1
	N2
	N3
	N4
	N1
	N2
	N3
	N4

	90%
	-92.2
	-99.8
	-102.8
	-105.3
	-73.1
	-80.8
	-82.2
	-83.3
	-74.7
	-80.8
	-83.0
	-84.1

	50%
	-98.4
	-105.5
	-108.0
	-109.8
	-77.9
	-83.0
	-84.3
	-85.3
	-79.1
	-83.3
	-84.6
	-85.6

	5%
	-108.3
	-113.1
	-114.2
	-116.7
	-97.8
	-105.6
	-87.4
	-87.8
	-98.1
	-105.3
	-88.1
	-87.9



Table 5: Neighbor cell RSRQ
	Percentile
	UE height

	
	In Car
	50m
	150m

	
	N1
	N2
	N3
	N4
	N1
	N2
	N3
	N4
	N1
	N2
	N3
	N4

	90%
	-11.1
	-16.8
	-18.1
	-20.2
	-10.8
	-17.7
	-19.2
	-19.9
	-11.4
	-16.9 
	-18.9
	-19.8

	50%
	-14.4
	-20.6
	-21.9
	-23.4
	-13.9
	20.3
	-21.4
	-22.1
	-14.3
	-20.1
	-21.1
	-21.8

	5%
	-22.2
	-24.8
	-27.0
	-27.8
	-20.3
	-23.4
	-23.8
	-24.8
	-19.4
	-23.4
	-23.6
	-24.1



[bookmark: _Toc498525868]The neighbor cell RSRP spread decreases as the UE height increases, the median RSRP difference between N1 and N4 decreases from 11dB for UE in a car to 7dB for UE at 50m and 150m heights.
[bookmark: _Toc498525869]The neighbor cell RSRQ spread is similar for all three UE heights, but the gap between the serving cell and the neighbor cells decreases as UE height increases. The median RSRQ difference between SC and N1 decreases from about 6dB for UE in a car to about 2dB for UE at 150m height.
Detected neighbor cells
[image: ]
Figure 6:  Measured number of neighbor cells detected for different UE heights.
Table 6: Number of detected neighbor cells
	Percentile
	UE height

	
	In Car
	50m
	150m

	90%
	4
	8
	8

	50%
	3
	5
	6

	5%
	1
	3
	3



[bookmark: _Toc498525870]On number of neighbor cells detected by the UE increases as height increases. The median number of neighbor cells are 3, 5 and 6 for UE in car, at 50m and 150m above ground.
RSRP gap between serving and neighbour cells
[image: ]
Figure 7: Measured RSRP gap between the serving cell and the 1st neighbor cell.

Table 7: RSRP gap between serving cell and the first neighbor cell
	Percentile
	UE height

	
	Car
	50m
	150m

	90%
	12.8
	8.4
	6.13

	50%
	6.5
	2.8
	1.60

	5%
	-2.0
	-2.2
	-3.80



Table 8: RSRP gap between serving cell and all neighbor cells
	
	UE height

	
	Car
	50m
	150m

	Mean (dB)
	6.4
	3.1
	1.7

	Max (dB)
	22.1
	14.2
	13.4



[bookmark: _Toc498525871]RSRP gap between serving and the 1st neighbor cell decreases dramatically as UE height increases, the median gap decrease from 6.5dB for UE in car to 1.6dB for UE at 150m above ground. 
[bookmark: _Toc498525872]The average RSRP gap between serving and neighbour cells are 6.4dB, 3.1dB and 1.7dB for UE in car, at 50m and 150m above ground, respectively.
Serving cell RSSI
[image: ]
Figure 8: Measured serving cell RSSI for different UE heights.
Table 9: Serving cell RSSI (in dBm)
	Percentile
	UE height

	
	Car
	50m
	150m

	90%
	-59.3
	-42.8
	-44.4

	50%
	-66.6
	-44.8
	-46.5

	5%
	-73.1
	-47.4
	-48.7



[bookmark: _Toc498525874]Serving cell RSSI for UE at 50m or 150m above ground is about 20dB higher than for UE in a car. 
Distance to serving cell
 [image: ]
Figure 9: Measured distance to serving cell for different UE heights.
Table 10: Distance to serving cell (in meter)
	Percentile 
	UE height

	
	Car
	50m
	150m

	90%
	2553
	2460
	2248

	50%
	1975
	1931
	1845

	5%
	1662
	1748
	1285



The serving cell maps are shown in Figure 14 in the Appendix.  Although the average serving cell distance is similar for different UE heights, the UE at 150m height had more serving cells than the UE in a car.
[bookmark: _Toc498525875]The serving cell distance is similar between UE in a car and 50m or 150m above ground, but UE at 150m height had more serving cells than the UE in a car.
Distance to neighbour cells
[image: ]
Figure 10: Distance to neighbor cells for different UE heights.
Table 11: Distance to neighbor cells (in meter)
	Percentile 
	UE height

	
	Car
	50m
	150m

	
	N1
	N2 
	N3
	N1
	N2 
	N3
	N1
	N2 
	N3

	90%
	2515
	41653
	41581
	5684
	40550
	31634
	4120
	41494
	41521

	50%
	2045
	3940
	4068
	2139
	5564
	5652
	2136
	4073
	5775

	5%
	1671
	1709
	1882
	1670
	1891
	1969
	1609
	1662
	1731



[bookmark: _Toc498525876]The 50%tile distances to the first three neighbor cells for UE at 50m and 150m heights are larger than for UE on the ground.

PCI change
[image: C:\Users\ezhenzo\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\PCI_change_in_time_50m..png]
Figure 11 PCI change with height 50m
[image: C:\Users\ezhenzo\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\PCI_change_in_time_150m..png]
Figure 12 PCI change with height 150m
[image: C:\Users\ezhenzo\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\PCI_change_in_time_Car.png]
Figure 13 PCI change on ground with higher speed
Note that the car moves at a higher speed on the ground so that PCI also changes frequently. 
PCI change is slightly more frequent at 120-150m than 50-60m. 
No handover failure happened throughout the field trials.
Handover failure was not observed in the field trials.
Radio link failure
[image: \\efijona0006.fi.eu.ericsson.se\mz\Temp\lmfekl\Jorvas\Plots\October_2017\RLFs.png]
Note that the car moves at a higher speed on the ground so that it sees a larger number of RLFs. 
RLF is higher at 120-150m than 50-60m. 
Conclusion
[bookmark: _Toc497913986][bookmark: _Toc498523852][bookmark: _Toc498525879]Capture the measurement results presented in this contribution in the TR. 
[bookmark: _In-sequence_SDU_delivery]Appendix 
Other relevant field trial results are collected in the appendix for easy reference. 
Serving cell maps
Figure 14 shows the serving cells for UE at various points along the flying and driving routes. At 150m height , the UE was served by more cells at far distances.
[image: ]
(a) 50m above ground
[image: ]
(b) 50m above ground
[image: ]
(c) In Car
[bookmark: _Ref498524162]Figure 14: serving cell maps
DL PDSCH SINR and BLER
Figure 15 shows the observed PDSCH and RS SINR along the flying and driving routes. For UE at 50m and 150m heights, there is less than 1% of cases where PDSCH SINR is below 0dB.
[image: ]
[bookmark: _Ref498589125]Figure 15: PDSCH SINR (top: 150m; middle: 50m; bottom: in car).
Figure 16 shows the observed PDSCH BLER along the test routes. Similar BLER is seen for UE on the ground and at 50m and 150m heights.
[image: ]
[bookmark: _Ref498589705]Figure 16: PDSCH BLER (top: 150m; middle: 50m; bottom: in car).
Serving cell RS-SINR
[image: ]
Figure 17: Measured serving cell RS-CINR for different UE heights.
Table 12: Serving cell RS-CINR 
	Percentile 
	UE height

	
	Car
	50m
	150m

	90%
	17.3
	7.0
	4.8

	50%
	11.3
	3.6
	1.1

	5%
	2.4
	-2.7
	-4.5



[bookmark: _Toc498525873]The serving cell RS-CINR drops dramatically as UE height increases. The median RS-CINR drops from 11.3dB for UE in car to 1.1dB for UE at 150m above ground.
UL data rate
[image: ]
Figure 18: UL data rate for different UE heights
Table 13: UL data rate (in kbps).
	Percentile 
	UE height

	
	Car
	50m
	150m

	90%
	17841
	19487
	19576

	50%
	12132
	18524
	18812

	5%
	5143
	15012
	11685



[bookmark: _Toc498525877]The median UL data rate is about 18Mbps for UE on the drone, and is about 12Mbps for UE in a car. 
PDCCH BLER
PDCCH BLER was not captured.  However, PDSCH SINR and BLER were collected and are shown in Figure 15 and Figure 16, respectively, in the Appendix. It can be seen that for UE at 50m and 150m heights, the observed PDSCH BLER is comparable to the one observed when UE is in a car.   Judging from the low PDSCH BLER and the high UL throughput for UE at 50m and 150m heights, it is highly unlikely that there is a PDCCH coverage issue, at least in our test setup. 
[bookmark: _Toc498525878]No PDCCH coverage issue was observed in the field tests. 
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